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Role of Surgery in the Era of Highly Successful Air
Enema Reduction of Intussusception
Joyce H.Y. Chua, Chan Hon Chui and Anette S. Jacobsen, Department of Paediatric Surgery, KK Women’s and
Children’s Hospital, Singapore.
BACKGROUND: Despite routine use of air enema reduction in childhood intussusceptions, some still
require operative management. This study evaluated the role of surgery and identified factors associated
with failed air enema reduction and bowel resection.
METHODS: We reviewed 24 patients who underwent laparotomies for intussusception between 1 July
1999 and 31 July 2002. Demographic data, clinical presentations, investigations, surgical interventions
and their outcomes were reviewed. 
RESULTS: Twenty-four (14.5%) of 166 patients treated for intussusceptions between 1 July 1999 and 
31 July 2002 underwent laparotomies. A significant proportion (45.8%) was younger than 3 months and
older than 36 months of age. Intussusception was diagnosed on ultrasonography in 21 patients. Eighteen
underwent attempted air enema reduction. Ileocolic intussusceptions occurred in 54.2% of patients. Five
patients had small bowel intussusceptions, all of whom required bowel resection. Seven patients (29.2%)
had pathological lead points. Presence of pathological lead points and intussusceptions occurring 
outside the ileocolic region strongly predicted the need for bowel resection.
CONCLUSION: Air enema reductions are less likely to succeed in patients less than 3 months old and those
more than 3 years old. Bowel resection is most likely required when pathological lead points are present and
when intussusceptions occur outside the ileocolic region. Early surgical intervention may obviate the need
for bowel resection in selected patients, thereby reducing surgical morbidity. [Asian J Surg 2006;29(4):267–73]
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Introduction
Intussusception is the commonest cause of intestinal
obstruction in childhood, with a reported incidence 
of 1.5–4.3 per 1,000 live births.1 The peak incidence
occurs between 4 and 10 months of life, with two-thirds
of patients presenting below 1 year of age.2–4 There 
is a preponderance of males with reported male to 
female ratios of about 3:2 to 2:1.1–5 If not diagnosed and
treated early, the disease process may progress to arterial
obstruction, bowel necrosis, perforation and, rarely,
death.1–3
When a diagnosis of intussusception is suspected
without clinical evidence of bowel necrosis or perfora-
tion, gas or liquid enema reduction is recommended 
as the first-line of management.6,7 Our centre per-
forms routine air enema reductions as first-line treat-
ment for intussusceptions and has reported a success 
rate of 84.4%.5 This is comparable with those of other
institutions.6,8,9
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Despite improvement and perfection of the technique
of air enema reduction, some children still require surgical
management. The indications for surgical management
include the presence of bowel necrosis or perforation, as
well as failed air enema reductions. We evaluated the role
of surgery in childhood intussusceptions and identify the
factors associated with surgical management and bowel
resections. Such information may potentially obviate the
need for futile efforts in repeated enema reductions, with
the possibility of early bowel salvage and improved surgi-
cal outcome.
Patients and methods
We retrospectively reviewed all consecutive patients who
underwent laparotomies for intussusceptions in our
department between 1 July 1999 and 31 July 2002. This
period was selected because the technique of air enema
reduction had then been perfected with consistently good
results in our institution.
Patients’ details were obtained from our operating
records and their clinical charts were reviewed. Demo-
graphic data, clinical presentation, preoperative investi-
gations, details of operations, histopathological findings
and eventual outcomes were collated and analysed. The
duration of symptoms was defined as the period between
the first symptom and hospitalization. It was categorized
as: (1) < 24 hours; (2) 24–48 hours; and (3) > 48 hours. The
diagnosis of intussusception was considered to be delayed
when it was made more than 24 hours after admission as
was applied by Stringer et al.10
In our institution, air enema reduction of intussuscep-
tion is carried out using an apparatus that connects to 
a wall oxygen outlet. A Foley’s catheter is inserted into 
the patient’s rectum. The buttocks are taped firmly
together and the Foley’s balloon is inflated. The other 
end of the Foley’s catheter is connected to the apparatus
via a Y-connector. The apparatus then delivers oxygen
into the rectum under constant fluoroscopy at a rate 
of 2 L/minute, up to a maximum pressure of 100 mmHg.
A built-in safety valve within the apparatus prevents the
pressure from exceeding 100 mmHg. The Y-connector
serves as a safety outlet should the radiologist wish 
to release the pressure in the large bowel. The intussus-
ceptum is usually easily identified under fluoroscopy.
With constant delivery of oxygen into the large bowel, 
the intussusception normally reduces rapidly into the
caecum, where a delay may then occur. Successful reduc-
tion is deemed to have occurred when there is vigorous
entry of air into the terminal ileum and the intussus-
ceptum can no longer be demonstrated on fluoroscopy.
Residual ileocolic oedema may simulate a soft tissue mass,
and a postprocedural ultrasound examination can be
used to confirm that the reduction has been successful.
Patients are also monitored clinically for resolution of
symptoms and signs to confirm that a successful reduc-
tion has indeed taken place. Up to three attempts at
reduction can be made at each setting. At the time of this
study, repeated attempts at delayed air enema reductions
were not routinely offered when the air enema reduction
was not successful at the first setting.
The profiles of patients who underwent open man-
ual reduction (MR group) were compared with those who
required bowel resection (BR group). All data were entered
into a database. Using logistic regression, a statistical
model was created to predict the likelihood of a patient
requiring bowel resection based on their presentation. The
JMP statistical software (SAS Institute, Cary, NC, USA)
was used for data analysis and the p values were generated
using Effect Wald test and Whole Model χ2 test. A p value
of less than 0.05 was considered statistically significant. 
Results
A total of 166 patients with the diagnosis of intussuscep-
tion (International Classification of Diseases Clinical
Modification code 560.0) were managed at our unit
between 1 July 1999 and 31 July 2002. Of these, 24 patients
(14.5%) who underwent laparotomies constituted our
study cohort. The demographics and clinical presentation
of these 24 patients are shown in Table 1.
The racial distribution of the 24 patients was com-
parable to our nation’s multiracial demographics. The
median age at diagnosis was 6.5 months (range, 2 months
to 12 years 6 months). Three patients had previous intus-
susceptions successfully reduced by air enema in the year
prior to their current presentation.
The classical presentation of vomiting, abdominal
pain, passage of bloody stools and a palpable abdominal
mass was documented in only one patient.
Diagnostic imaging and therapeutic enema reductions
Nine (47.4%) of 19 patients who had plain abdominal X-rays
performed showed radiological evidence of small bowel
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distension. Five (26.3%) abdominal X-rays showed pres-
ence of soft tissue shadows suggestive of intussusception. 
Two patients, aged 2 months and 10 years 9 months,
proceeded to laparotomy without ultrasonography because
of clinical and radiological evidence of intestinal obstruc-
tion. The rest (n = 22) underwent ultrasonography of the
abdomen. The diagnosis of intussusception was con-
firmed or strongly suggested in 21 (95.5%) of them. The
ultrasonography was deemed positive when a classical tar-
get lesion or a “bowel-within-bowel” appearance was seen.
No pathological lead point was documented on ultra-
sonography. A false-negative ultrasound picture occurred
in a 3-month-old boy who presented with features sugges-
tive of intestinal obstruction. An ileocaecal intussuscep-
tion was found at laparotomy.
Air enema reductions were attempted in 18 (85.7%) of 21
patients with positive ultrasonographic examinations. The
remaining three patients proceeded to surgery without
attempts at air enema reduction. One had four previous
episodes of intussusceptions in the preceding 21 months;
another had an earlier diagnosis of intestinal polyposis
made on computed tomography (CT) of the abdomen
prior to ultrasonographic evidence of small bowel intus-
susception, and the last patient was a 2-month-old infant
with clinical and radiological evidence of intestinal
obstruction. Two of 18 (5.6%) air enemas performed failed
to demonstrate the intussusception. One occurred in a 
3-month-old infant who had clinical evidence of intestinal
obstruction. Dilated small bowel loops were seen at fluo-
roscopy with a collapsed colon. A laparotomy was there-
fore warranted. The other patient had presented with a
palpable mass in the left upper abdomen that corresponded
to the intussusception identified on ultrasonography.
Although the air enema had failed to identify it, the mass
remained palpable after the study. Both patients were later
found to have small bowel intussusceptions. The Figure
summarizes the preoperative workup of our patients.
Other investigations
Hyponatraemia (serum sodium < 135 mmol/L) was noted
in eight (33.3%) patients on admission. Leucocytosis (total
white cell count > 10.0 × 109/L) was present in 16 (69.9%)
of 23 patients. Stool cultures obtained from eight of our
patients did not yield growth of any significant pathogens.
Surgical findings
An ileocolic intussusception that could not be reduced 
with air enema was later found reduced at laparotomy in
one patient. In the remaining 23 patients, 13 (56.5%) had
ileocolic intussusceptions, four (17.4%) had ileo-ileocolic
intussusceptions, one had an ileocolorectal intussuscep-
tion, four (17.4%) had ileoileal intussusceptions and one
had a duodenojejunal intussusception.
In the 23 patients with intussusceptions at laparo-
tomy, 12 underwent manual reduction of the intussus-
ceptions and 11 underwent bowel resection. Eleven
patients with ileocolic intussusceptions and one patient
with an ileo-ileocolic intussusception underwent success-
ful manual reduction without bowel resection. Of the
remaining 11 patients, seven had pathological lead points
while four had ischaemic bowel that had to be resected.
All five patients with small bowel intussusceptions required
bowel resection. Four of these were associated with patho-
logical lead points. Table 2 summarizes the findings in the
11 patients who underwent bowel resection.
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Table 1. Demographic and clinical presentation of the 24 study
patients
n (%)
Male : female 2.4 : 1
Racial distribution
Chinese 16 (66.7)
Malay 4 (16.7)
Indian 3 (12.5)
Other 1 (4.2)
Age at presentation (mo)
≤ 3 6 (25.0)
3–72 13 (54.2)
> 72 5 (20.8)
Symptoms and signs
Vomiting 22 (91.7)
Abdominal pain 17 (70.8)
Bloody stools 12 (50.0)
Abdominal mass 9 (37.5)
Intestinal obstruction 4 (16.7)
Duration of symptoms on admission (hr)
< 24 8 (33.3)
24–48 10 (41.7)
> 48 6 (25.0)
Admission to diagnosis (hr)
< 24 18 (75.0)
≥ 24 6 (25.0)
Manual reduction versus bowel resection
The profiles of the 11 patients who underwent bowel
resection were compared with the 12 who only required
manual reduction (Table 3). Although there were more
patients who were older than 3 years in the BR group, 
the difference was not found to be statistically significant.
Among the symptoms and signs tested, the association 
of abdominal pain with the BR group was marginally sig-
nificant (p = 0.0544). More patients from the BR group
had passed bloody stools, although this difference was 
not statistically significant. The duration of symptoms
prior to diagnosis and the fact that diagnosis was delayed
did not seem to predict a higher incidence of bowel 
resection.
The choice of radiological investigations in these two
groups of patients did not differ significantly. Five (45.5%)
patients in the BR group had hyponatraemia as compared
with three (25.0%) patients in the MR group (p = 0.3090).
The sites of intussusception were compared between
both groups. Each site was analysed as an independent
variable and ileocolic intussusceptions were found to
occur significantly more frequently in the MR group 
(p = 0.0028). In contrast, all five patients with small bowel
intussusceptions required bowel resection.
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Laparotomy
No intussusception seen (n = 1) Intussusception seen (n = 21)
Unsuitable for air
enema (n = 3)
Air enema
(n = 18)
No intussusception
seen (n = 2)
Failed reduction
(n = 16)
24 patients
Intestinal obstruction (n = 2) Suspected intussusception (n = 22)
Ultrasonography
Laparotomy
Laparotomy
Laparotomy
Laparotomy
Figure. Flow chart summarizing the preoperative workup of the 24 patients.
Table 2. Surgical findings of patients who underwent bowel resection
Site of intussusception Resected specimen Histopathology
Duodenojejunal 20 cm of jejunum Peutz–Jeghers syndrome
Ileoileal 3 cm of ileum Hamartomatous polyp
5 cm of ileum Intramural duplication cyst
5 cm of ileum Extensive bowel necrosis; intussusceptum perforated at apex
10 cm of ileum Perforated Meckel’s diverticulum
Ileo-ileocolic 6 cm of ileum Ileal duplication
10 cm of ileum and appendix Normal appendix; mucosal haematomas
12.5 cm of ileum Bowel wall ischaemia
Ileocolic Limited right hemicolectomy Lymphoid hyperplasia, gangrenous bowel wall
Appendix Acute appendicitis
Ileocolorectal Extended right hemicolectomy Bowel wall ischaemia
The presence of pathological lead points was signifi-
cantly associated with bowel resection (p = 0.0007). All
seven patients with pathological lead points required
bowel resection, as compared with none in the MR group.
Factors predicting need for bowel resection
Based on the above observations, a statistical model 
based on logistic regression was then created to predict 
a patient’s likelihood of requiring bowel resection. Six fac-
tors were selected to generate this model. These included
the patient’s age, the presence of abdominal pain, passage
of bloody stools, the presence of hyponatraemia, the pre-
operative diagnosis of ileocolic intussusception and the
presence of pathological lead points. The p value for the
whole model was less than 0.001, indicating that the model
as a whole was significant.
Postoperative course
Patients who required only manual reduction took an
average of 2.08 days (range, 1–3 days) to establish oral
feeding, while those who required bowel resection took an
average of 7.73 days (range, 2–37 days) (p = 0.0184). The
establishment of oral feeding in two BR group patients
was significantly delayed. One had an anastomotic de-
hiscence, while the other had respiratory syncytial viral
bronchiolitis in the immediate postoperative period and
eventually developed multiple ischaemic strictures requir-
ing further resection of 16 cm of ileum.
Patients in the MR group were discharged between 
3 and 8 days after their surgeries (mean, 4.92 days), while
patients in the BR group were discharged between 3 and 41
days (mean, 11.55 days) after their first surgery (p = 0.0411).
The incidence of postoperative complications was higher
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Table 3. Characteristic features of patients who underwent manual reduction (MR) (n= 12) versus bowel resection (BR) (n= 11)
MR, n (%) BR, n (%) p
Male : female 3 : 1 2.6 : 1 0.9013
Racial distribution 0.9635
Chinese 8 (66.7) 8 (72.7)
Malay 1 (8.3) 2 (18.2)
Indian 3 (25.0) 0
Other 0 1 (9.1)
Age (mo) 0.2079
Mean ± SD 14.25 ± 17.09 37.91 ± 55.15
Range 2–57 2–150
Symptoms and signs
Vomiting 11 (91.7) 10 (90.1) 0.9487
Abdominal pain 6 (50.0) 10 (90.1) 0.0544
Bloody stools 3 (25.0) 7 (63.6) 0.1528
Abdominal mass 5 (41.6) 4 (36.4) 0.7947
Abdominal distension 1 (8.3) 2 (18.2) 0.4933
Duration of symptoms on admission (hr) 0.5944
< 24 4 (33.3) 3 (27.3)
24–48 5 (41.7) 6 (54.5)
> 48 3 (25.0) 2 (18.2)
Admission to diagnosis (hr) 0.9013
< 24 9 (75.0) 8 (72.7)
≥ 24 3 (25.0) 3 (27.3)
Site of intussusception
Ileocolic 11 (91.7) 2 (18.2) 0.0028
Small bowel (ileoileal, duodenojejunal) 0 5 (45.5) 0.9485
Ileo-ileocolic 1 (8.3) 3 (27.3) 0.2549
Ileocolorectal 0 1 (9.1) 0.9496
in the BR group. Two patients in the BR group with stormy
postoperative periods were discharged on the 21st and 41st
postoperative days, respectively.
All 24 patients returned for follow-up, the duration 
of which ranged from 1 to 36 months. One patient who
underwent manual reduction for his fourth episode of
intussusception was admitted 7 months later with recur-
rent intussusception. This was treated successfully with
air enema reduction. There was no mortality in our series.
Discussion
Nonoperative management has long been advocated 
as first-line treatment for childhood intussusceptions.
Nevertheless, there are patients who will still require sur-
gery when nonoperative measures fail, or when complica-
tions arise from conservative management.
In our series, air enema reduction was not attempted in
situations when: (1) the diagnosis of intussusception was
not suspected; (2) ultrasonography was falsely negative; (3)
pathological lead points were suspected, such as in recur-
rent intussusceptions or radiological identification of
polyps; and (4) there was severe abdominal distension in a
small child where additional bowel insufflation may lead to
acute respiratory compromise. In addition, though absent
from our series, the suspicion of bowel necrosis and perfo-
ration remained an absolute contraindication for air enema.
The overall success rates of nonoperative manage-
ment, using hydrostatic or pneumatic enema reductions,
vary from less than 18% in suboptimal conditions to more
than 90% in the “ideal” patient.6–9,11 Suboptimal condi-
tions that have been described include prolonged symp-
toms in excess of 48 hours, presence of small bowel
obstruction on plain radiography, dehydration of more
than 5%, neonatal intussusceptions, intussusceptions
occurring in children older than 2 years of age, chronic
and recurrent episodes of intussusceptions.3,11–13
In recent years, delayed repeated attempts at enema
reductions have been proposed as most of the patients
who underwent surgery after unsuccessful enema reduc-
tions were found to have partially reduced intussuscep-
tions.6,7,14 In our study, less than half of the patients
required bowel resection. In fact, one patient was found to
have a reduced intussusception at surgery. We thus agree
that there is possibly a role for delayed repeated attempts
at air enema reductions in selected individuals who 
are well resuscitated. Repeated unsuccessful attempts 
at radiological reductions should, however, be weighed
against the risks of delayed surgical therapy. Certainly, in
patients who satisfy many of the suboptimal conditions
described earlier, multiple delayed attempts at conserva-
tive treatment are probably inappropriate and early surgi-
cal therapy may improve the likelihood of bowel salvage.
Our study of patients who underwent surgery for
intussusception has identified certain factors that may 
be associated with higher failure rates of nonoperative
management. Eleven (45.8%) of our patients belonged to
the extremes of ages, i.e. outside the typical 3-month to 
3-year-old age group. In an earlier study, our institution
reviewed 160 patients who were admitted for intussuscep-
tion between 1 May 1997 and 30 April 2000. Only 10% of
those patients were younger than 3 months and older than
3 years of age.5 Passage of bloody stools is a relatively late
sign in intussusception,3 occurring in only 36.3% of the
patients in the same study.5 Half of our patients had pas-
sage of bloody stools at presentation, indicating that the
condition had progressed. In contrast to the earlier study,5
a larger proportion of our patients also presented with late
signs, such as intestinal obstruction and dehydration with
hyponatraemia. These findings support the fact that non-
operative management is less likely to succeed when the
intussusception has occurred for some time.
Ileocolic intussusceptions occur in 85–95% of intussus-
ceptions reported in large series.1,3,4,11,15,16 Small bowel
intussusceptions, on the other hand, are reportedly very rare
in children, with an overall incidence of less than 10%.3,17
Our study suggests that it may be twice as common among
patients with intussusceptions who required surgery.
Similarly, distinct pathological lead points are also
uncommon and occur in only 5–10% of paediatric intus-
susceptions,3,4,11,13,16,17 with most in the small bowel.17 In
our institution, the incidence of pathological lead points
was only 5.6% (9 out of 160) in our last review.5 Patholog-
ical lead points were more than five times as common 
in our group of patients who underwent surgery for
intussusception. Although conservative management is
unlikely to succeed in patients with pathological lead
points, Ong and Beasley have documented instances 
in which lead points were successfully reduced.13 They
proposed screening the postevacuation films carefully 
following reductions of intussusceptions when a lead
point is suspected. Early recurrence of the intussusception
following reduction may also indicate the presence of 
a lead point.
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While we propose that the site of intussusception as
well as the presence of pathological lead points may pre-
dict the need for bowel resection, identifying the site of
intussusception and/or the presence of lead points preop-
eratively is not always feasible. In our study, only one
patient’s small bowel intussusception was localized accu-
rately on ultrasonography. However, the accuracy of
sonography for detecting small bowel intussusceptions
was 76.5% in Ko et al’s series.17 We believe that as ultra-
sound technology continues to improve, sonography will
play a greater role in the detection of small bowel intus-
susceptions, as well as possible pathological lead points.
Currently, our department sometimes utilizes CT to
confirm the diagnosis of small bowel intussusceptions
and to detect the presence of pathological lead points in
selected individuals. While CT is highly sensitive and spe-
cific,17 routine application of CT in all paediatric patients
with suspected intussusception is neither cost-effective nor
appropriate. It should therefore be reserved for patients
with atypical presentation or when the ultrasonographic
findings are inconsistent with a typical intussusception.
In our study, 36.4% of the patients who underwent
bowel resection had ischaemic bowel during surgery. Of
the six factors that were evaluated for prediction of bowel
resection, only the presence of non-ileocolic intussuscep-
tion and the presence of pathological lead points were sta-
tistically significant in the univariate analysis. Although
patient age, presence of abdominal pain, passage of bloody
stools and hyponatraemia were not found to be significant
in our analysis, these factors together might suggest that
conservative management is unlikely to succeed. Whether
earlier open manual reduction could have obviated the
need for bowel resection remains unclear.
This being a small retrospective study, details of the
ultrasonography, the air enema reductions and the surgery
were, at times, incomplete. We also do not have data on the
children who were successfully treated with enema reduc-
tions during the same study period. However, our findings
have suggested that while delayed repeated attempts at air
enema reductions can be considered in the treatment of
intussusception, there remains a group of patients who may
benefit from early surgery. While we are cautious to suggest
that the need for surgery or bowel resection can be pre-
dicted from a patient’s presentation, our findings will
pave the way for a future prospective study to examine the
risks and benefits of early surgical intervention versus
delayed repeated attempts at air enema reductions in suit-
able individuals.
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